Abstract. To study water-stress-tolerant barley varieties, 20 barley lines were cultivated under full irrigation and limited irrigation conditions where irrigation was stopped at anthesis stage in two separate field experiments during the 2007-2009 growing seasons at the Saatloo Research Farm, Azerbaijan, Iran. The experiments were laid out using RCBD with three replications. The results from combined analysis of variance in both normal and stress conditions indicated that there were significant differences among genotypes with regard to all studied traits which were due to high variation among the genotypes. It was found that the activity of enzymes including SOD, GPX and CAT were increased under drought stress conditions, so that tolerant genotypes had more changes in enzyme activity. On the other hand, MDA, Dityrosine and 8-oHdg were increased under stress conditions where sensitive genotypes had stronger enzyme activity. Calculations of the correlation coefficients among the studied traits under both stress and normal conditions also indicated that there were negative and significant differences between antioxidant activity, lipid, protein, and DNA decadence. Finally, with regard to all traits, it was revealed that in normal conditions genotypes 18 and 19 were the best performing lines, whereas the genotype 14 was least adapted line. Therefore, genotypes 18 and 19 showed higher levels of resistance to water stress and the genotype 15 was more sensitive to the drought conditions. The results also indicated that selecting more tolerant genotypes under stress conditions was the way to overcome water deficit stress under terminal drought conditions.
INTRODUCTION
One of the most Environment restricting factors negatively affecting plant growth in the majority of the world's agricultural lands could be defined as a drought stress (Tas and Tas, 2007) , and greatly limits crop production worldwide (Zhang et al., 2010) . As a common consequence of drought stress, the production of reactive oxygen species (ROS), such as superoxide radical (O 2-), hydrogen peroxide (H 2 O 2 ), and hydroxyl radical (OH) is increased (Valentovic et al., 2006) which is due to the enhanced leakage of electrons to molecular oxygen (Arora et al., 2002) . Plant cell mitochondria and chloroplast are the two major intracellular generators of reactive oxygen species (Pan et al., 2006) . These ROS are among reactive cytotoxic for cells (Movahhedy-Dehnavy et al., 2009 ) which could cause severe damage to DNA, proteins, and lipids, and also alteration of stop natural metabolism of plants (Clement et al., 2008) . Plants are immobile and unable to escape stressful environments (Chai et al., 2005) . Hence, they use some strategies (including enzymatic and non-enzymatic antioxidant defense systems) to eliminate or reduce the toxicity of ROS (Creissen and Mullineaux, 2002) . Some antioxidant enzymes, including SOD (Nayyar and Gupta, 2006) , CAT (Zhenmei et al., 2009) , GPX (Zhen et al., 2009) , and GRD also play key roles in the formation and degradation of H 2 O 2 . Levels of damage may become limited by enzymatic and non-enzymatic scavengers of free radicals (Aroca et al., 2003) .
Due to low annual precipitation, many regions of Iran suffer from water deficit. Therefore, due to drought stress, barley production is decreased. Understanding the physiological and biochemical mechanisms conferring drought tolerance; thus, could play a crucial role in developing appropriate selection methods and breeding strategies.
The aim of this study was to investigate the effect of drought stress on the activities of 20 barley promising line/ cultivar antioxidant enzymes (CAT, GPX, and SOD), lipid, protein, and DNA oxidation (MDA, Dityrosine and 8-oHdg content).
MATERIALS AND METHODS
To evaluating resistance of twenty barley promising lines/cultivars (Table 1) to water deficit stress with physiological traits such as enzymes up regulated or down regulated, lipid and protein concentration two separate field experiments (normal and drought stress conditions) were conducted in the 2007-2009  cropping seasons at the Saatloo Agricultural Research  Station (1338 m altitude, 35N, 45E) , West Azerbaijan, Iran. Saatloo has a 375mm annual rainfall on a longterm average with a soil texture of clay-loom (30% clay, 53% silt, and 17% sand), 1.27% organic matter, pH of 7.5, and an EC of 2.5dS/m. The experiments were conducted using a randomized complete block design (RCBD) with three replications. Control plots were watered at stem elongation, flowering, and grain-filling stages whereas irrigation of stress plots were stopped before occurring the flowering phase. Before planting, the soil tillage was practiced based on the research station/s routine. Fertilizers were applied before sowing (100kg ha -1 P 2 O 3 and 50kg ha -1 N) in October, and at stem elongation (50kg ha -1 N) in March. * and **: significant at the 5% and 1% levels of probability, respectively. Mean squares without symbols are non-significant
To quantify antioxidant enzymatic activity in 20 barley genotype/ line, fifteen leaf samples were taken randomly from each plot and were placed in liquid nitrogen and then stored at -80°C pending biochemical analysis. In order to prepare samples for the enzyme assays and protein measurement, the leaves from each plant were washed with distilled water and homogenized in a 0.16M Tris buffer (pH=7.5) at 4°C. Then, 0.5 mL of total homogenized solution was used for protein determination using the Lowry et al. (1951) method. Based on the amount of protein per volume of homogenized solution, the following enzymes were assayed in the volume containing a known protein concentration in order to calculate the specific activities of the enzymes. In this study, chemical and biochemical characteristics were measured based on blow methods: Catalase (CAT) activity Paglia and Valentine (1987) (1)
Glutathion peroxidase (GPX) activity Paglia and Valentine (1987) (1)
Superoxide dismutase (SOD) activity Dhindsa et al. (1980) (2) Lipid peroxidation (malondialdehyde Content) Sairam et al. (1998) (3) Protein Damage (dityrosine content) Amado et al. (1984) (4) Determination of 8-Hydroxy-2-Deoxyguanosine (8-oHdg) Bogdanov et al. (1999) * and **: significant at the 5% and 1% levels of probability, respectively. Mean squares without symbols are non-significant.
Statistical analysis
Main and interaction effects of experimental factors were determined using analysis of variance (ANOVA) in SAS software Ver. 9.12. The assumptions of variance analysis were tested by ensuring homogeneity of the residuals. The LSMEANS command was used to compare means at a P<0.05 probability. To determine the relationship between measured parameters and the seed yield, correlation analyses were applied to the data using PROC CORR in SAS.
RESULTS AND DISCUSSIONS
According to the results obtained, the combined analyses of variance confirmed significant differences among antioxidant activity and macromolecule decadence of the genotypes under both normal and stress conditions (Tables 2 and 3 ). These results suggested that the genotypes studied show genetic variations in terms of their adaption and reactions under water stress conditions. Misra and Gupta (2006) reported that production and activation of antioxidant enzymes vary in different genotypes widely and effect by stress regimes, growth stages, and environmental conditions extremely. The results also indicated that the year and year × genotype effects had no significant difference either under normal or stress conditions. Thus it was revealed that the studied genotypes could perform similarly regardless of the year during which they have been investigated. Sairam et al. (2002) stated that plants under stress conditions (either drought or salinity) produce a collection of antioxidant enzymes such as SOD, CAT, GRD, Ascorbat Peroxidase, Glutathione transferase, and Peroxidase to protect themselves from damage caused by reactive oxygen species (Hernandez et al., 2000) . Johnson et al. (2003) believed that the activities of antioxidant enzymes and the amounts of antioxidants elevated under drought stress vary among several plant species and even between two cultivars of the same species (Selote and Khanna-Chopra, 2004) . Furthermore, the reactions of the plants to water stress could differ significantly at various organizational levels depending upon the intensity and duration of stress as well as plant species and development stages (Dacosta and Huang, 2007) .
Glutathione Peroxidaes (GPX)
Means comparison of enzyme GPX (Tables 4 and 5) indicated that in normal conditions genotypes 1, 11, 18, 19 and genotypes 14, 15, 20 had maximum and minimum enzyme content, respectively; according to Aronachalam and Bandyopandyay rankings (1984) , these are situated in the upper and lower positions, respectively. Means comparison of traits in stress conditions also indicated that genotypes 1, 11, 18, 19 and genotypes 14, 15 had minimum and maximum enzyme content, respectively; so according to Aronachalam and Bandyopandyay rankings (1984) , these are situated in the upper and lower positions, respectively. It can be concluded that the amounts of GPX production follow a pattern among studied genotypes, such that the genotypes with more GPX in normal conditions had more GPX in stress conditions as compared with other genotypes. Also, the average and standard deviations of GPX content were 148.24 and 67.70 in normal conditions and 178.22 and 5.36 in stress conditions, respectively (Table 6 ). So it can be stated that although the GPX production varies from one genotype to another, it was higher under stress conditions in all studied genotypes. Bybordi et al., (2010) stated that, due to increasing ROS and macromolecule decadence in plants, the levels of antioxidant enzymes in stress conditions increase significantly in environmental stresses such as drought, salinity, and heat. The ranges of antioxidant levels in normal and stress conditions were 201.00 and 222.17, respectively; hence, it can be said that the level of GPX in stress conditions was higher than in normal conditions. These results had enough correlation with the studies of Ananeiva et al. (2002) . The results from correlation coefficients between both traits of GPX production and other traits in both normal and stress conditions (Table 7) indicated that there was a positive and significant correlation between GPX levels and CAT and SOD levels, yet a negative and significant correlation with MDA, Dityrosine, and 8-oHdg. These results were logical and predictable, because of reverse relations between antioxidant enzyme contents and the decadence of macromolecules due to the free radicals scavenging effects of GPX. Therefore, genotypes with high antioxidant enzyme content are the best volunteer genotypes to cultivate in stress conditions because of their higher resistance to drought conditions. Dat et al. (2000) believed that plants with higher levels of antioxidant enzymes (GPX and CAT) had more ability to scavenge ROS in stress conditions, which makes them more resistant to stress conditions. Thus, these genotypes can be used for cultivation in regions with a high potential for the occurrence of stress.
Catalase enzyme (CAT)
Means comparison of CAT levels indicated that in normal conditions genotypes 11, 18, 19 and genotype 14 had maximum and minimum levels, respectively (Table 4) , so by the Aronachalam and Bandyopandyay rankings method, these are situated in the upper and lower positions, respectively. In drought conditions genotypes 18, 19 and genotype 14 had maximum and minimum CAT levels, respectively (Table 5) , so according to Aronachalam and Bandyopandyay rankings, these are situated in the upper and lower positions, respectively. Calculations of statistical parameters indicated that average and standard deviations were 296.64 and 67.51 in normal conditions, and 337.36 and 70.42 in stress conditions, respectively (Table 6 ). Therefore, according to these results, the levels of CAT as for GPX were not only different in all studied traits but were also higher in stress conditions. On the other hand, the ranges of change of CAT were 226.17 and 234.17 in normal and stress conditions, respectively, which showed that the amounts of enzyme were decrease in stress conditions. The results from the correlation coefficient analysis of CAT production and other traits in both normal and stress conditions (Table 7) indicated that these had a positive and significant correlation with contents of GPX and SOD, yet a negative and significant correlation with MDA, Dityrosine, and 8-oHdg. CAT is one of the most important antioxidant enzymes which plays a key role in decreasing damage from peroxides. The increase of this enzyme under stress conditions, therefore, causes a decrease in damage to plasma membrane lipids, proteins, DNA, and RNA within plant cells. An increase in antioxidant production leads to a decrease in the decadence of lipids, proteins, DNA, and RNA, so there is a negative relation between antioxidant content and macromolecule decadence. These results correspond with the results from Prasad (2003) . In another work, Noctor and Foyer (1998) reported a positive correlation in the activity of antioxidant enzymes. Acclimation of plants to drought is considered to promote antioxidant defense systems to face the increased levels of activated oxygen species (AOS), which in turn, causes membrane damage through lipid peroxidation and indicated by malondialdehyde (MDA) content, which is a main parameter for evaluating membrane oxidation extent and is toxic for cells (Shao et al., 2005) . The same results were reported by Dolatabadian et al. (2008) , who showed that salt stress increased lipid peroxidation (MDA content) in canola cultivars.
Superoxide Dismutase enzyme (SOD)
SOD is one antioxidant enzyme that has a key role in the process of scavenging hydrogen peroxides. Therefore, this enzyme is an important criterion for detecting barley genotypes resistant to drought stresses. Superoxide dismutases (SODs), a group of metalloenzymes, are considered the first defense against ROS (Gratao et al., 2005) . The results from means comparison for SOD indicated that the contents of SOD in genotypes 11, 18, 19 and genotypes 14, 15, 20 had maximum and minimum levels of SOD, respectively (Tables 4 and 5) , so according to Aronachalam and Bandyopandyay rankings (1984) , these are situated in the upper and lower positions, respectively. Calculations of statistical parameters also indicated that average and standard deviations were 1984.28 and 900.92 in normal conditions and 2401.46 and 1054.41 in stress conditions, respectively (Table 6 ). According to these results, the levels of SOD as for CAT and GPX were not only different in all studied traits but were also higher in stress conditions. Jin et al. (2006) stated that an increase in drought stress causes an increase in activity of SOD after 24 hours. It can be concluded that this rise is a consequence of stress conditions to scavenging free radicals. This enzyme is known as a main component of the plant protective mechanism to overcome environmental stresses. The ranges of SOD changes in both normal and stress conditions were 2610.17 and 3370.67, respectively, which reveals that the ranges of change in stress conditions are wider than in normal conditions. The results from correlation coefficients between SOD production and other traits in both conditions indicated that there is a positive and significant correlation between GPX and CAT and a negative and significant one with MDA, Dityrosine, and 8-oHdg (Table 7) . Shan and Guo (2009) stated that environmental stresses increased activity of almost all antioxidant enzymes with a positive correlation as well as a negative correlation with macromolecule decadence. They also stated that increased levels of antioxidant enzymes caused an increase in plant resistance to environmental stresses (Mirnoff, 1998) . 
Hydroxyl-2-deoxy guanosine-8 (8-oHdg)
Means comparison of 8-oHdg indicated that genotypes 11 and genotypes 18, 19 had maximum contents in both normal and stress conditions (Tables  4 and 5) , so according to Aronachalam and Bandyopandyay rankings (1984) , these are situated in the upper and lower positions, while genotypes 14, 15 and 20 had minimum 8-oHdg contents in both normal and stress conditions, so according to Aronachalam and Bandyopandyay rankings (1984) , these are situated in the upper and lower positions. Also, calculations of statistical parameters indicated that average and standard deviations were 16.52 and 6.15 in normal conditions, while they were 19.02 and 7.79 in stress conditions, respectively (Table 6 ). Overall, it can be concluded that the content of 8-oHdg among all studied genotypes are very different and particularly more in stress conditions. The important point in this study was the lesser amounts of 8-oHdg in variants resistant to drought stress in comparison with genotypes sensitive to drought stresses, so it would be as a result of more production of antioxidant enzymes (GPX, CAT, and SOD) in genotypes resistant to drought stress. Manavalan et al. (2009) showed that enzymatic antioxidant content played an important role in scavenging harmful oxygen species. The activities of antioxidant enzymes were altered when plants were subjected to stress. Previously, an increase in the level of antioxidants was reported with an increase in stress intensity in maize and soybean by Vasconcelos et al., (2009) . Also, the ranges of trait changes were 19.83 and 24.83 in both normal and stress conditions; it suggests that the change of 8-oHdg content in stress conditions was higher than in normal conditions. On the other hand, the results from correlation coefficients between 8-oHdg production and other traits in both normal and drought conditions (Table 7) revealed that there is a negative and significant correlation between 8-oHdg content and other traits such as GPX, CAT, and SOD, yet a positive and significant correlation with Dityrosine and MDA. Moreover, Lee et al. (2009) reported a positive and significant correlation between CAT, SOD, and Ascorbate Peroxidase (APX) under both well-irrigated and water-deficit-stress conditions. Furthermore, Lobato et al. (2008) also found a positive and significant correlation between contents of antioxidants. 
Dityrosine
The protein content of plants is a fraction that is most sensitive to oxidative stress due to high trends of ROS to the amino acids of proteins for deactivating them. Tompson et al. (1987) (Tables 4 and 5) , so according to Aronachalam and Bandyopandyay (1984) rankings, these are situated in the upper and lower positions. Genotypes 14, 15, 20 in normal conditions (Tables 4) and genotypes 15, 20 (Table 5) in stress conditions had minimum levels of Dityrosine, so according to Aronachalam and Bandyopandyay rankings (1984) , these are situated in the upper and lower positions. Also, calculations of statistical parameters indicated that average and standard deviations were 151.20 and 26.62 in normal conditions and 171.88 and 29.36 in stress conditions, respectively (Table 6 ). Overall, it can be concluded that the contents of Dityrosine among studied genotypes are very different. Nevertheless, the amounts of Dityrosine were higher in stress conditions in all studied traits. Thus, an important point is that there are lesser amounts of Dityrosine in genotypes resistant to drought stresses than those that are sensitive, due to the production of more antioxidant enzymes (GPX, CAT, and SOD) in resistant genotypes. The ranges of trait change were 90.17 and 97.00 in both normal and stress conditions (Table 6) ; it suggests that the changes of Dityrosine content in stress conditions were more than in normal conditions. On the other hand, the results from the correlation coefficient between Dityrosine production and other traits in both normal and drought conditions (Table 7) revealed that there is a negative and significant correlation between 8-oHdg contents and other traits such as GPX, CAT, and SOD, while there is a positive and significant correlation with 8-oHdg and MDA. Table 7 : Correlation coefficient for the content of 8-hydroxy-2-deoxyguanosine (8-oHdg), Dityrosine, Malondialdehyde (MDA), Glutathione Peroxidase (GPX), Catalase (CAT) and Superoxide Dismutase (SOD) studied under normal (above diagonal) and stress (below diagonal) conditions
Malondialdehyde (MDA)
Fatty acids and lipids are more sensitive to ROS and fall under oxidation rapidly. The studies revealed that cellular and organellar membranes are the first parts damaged in stress conditions affected by reactive oxygen species (Candan and Tarhan, 2003) because of the emission of cellular electrolytes following the degradation of membranes and the increase in MDA contents (Demiral and Turkan, 2005) . So it can be said that MDA is an appropriate candidate for determining the levels of plant response to environmental stresses (Bandeoglu et al., 2004 Bhattacharjee and Mukherjee (2002) believed that the content of MDA in plant tissue is a representation of the levels of a membrane lipid's decadence, because of their release following lipid peroxidation and degradation. They stated that levels of MDA in plants under stress are higher than those in normal conditions. Also, the ranges of trait change were 99.17 and 84.17 in both normal and stress conditions; this suggests that the changes of MDA content in stress conditions were more than those in normal conditions. On the other hand, the results from correlation coefficients between MDA production and other traits in both normal and drought conditions (Table 7) revealed that there is a negative and significant correlation between MDA content and other traits such as GPX, CAT, and SOD, while a positive and significant correlation exists with 8-oHdg and Dityrisine. Meloni et al. (2003) reported a negative correlation between the increasing activity of GPX with a decrease in lipid peroxidation. Also, Shalata and Neumann (2001) believed that antioxidant enzymes lead to a decrease in lipid peroxidation and MDA contents due to scavenging ROS, so that an increase in the activity of antioxidant enzymes leads to a decrease in lipid degradation, and in turn that caused an increase in plant resistance to oxidative stresses (Sreenivasulu et al., 2000) .
CONCLUSION
The production of reactive oxygen species (ROS) upon occurrence of environmental stresses such as salinity, drought, and cold is one of the substantial factors damaging plants. In such conditions plants respond to stress through enzymatic and nonenzymatic systems in order to either neutralize or decrease the levels of damage due to ROS. According to results, there were significant differences among traits studied under both normal and stress conditions for deter mine the resistant barley cultivar/line. The results demonstrated that the traits were significantly different for the genotypes with regard to their levels of adaptation and resistance against drought stress. It was also revealed that the antioxidant levels varied in different genotypes and were higher under stress conditions. Additionally, a negative and significant correlation between antioxidant production and macromolecule damage was found, so that the production of more antioxidant enzymes led to the production of less macromolecular damage increasing plant tolerance to stress conditions due to the protective effects of cell membranes on lipids. Overall, it can be concluded that genotypes 18 and 19 were the best performers and acquired acceptable levels of tolerance under stress conditions. Once under drought conditions, these genotypes were capable of the production of more antioxidant enzymes offering less reduction of damage to the macromolecules. The results of this study also revealed that SOD, CAT, and GPX respectively could play key roles in plant tolerance to drought stress. Lipids, proteins, and DNA are more sensitive to drought stress conditions, respectively. Therefore, determination of SOD activity and lipid peroxidation are useful indices to select the best genotypes for cultivating in regions with high risk of drought conditions.
